Background-Serum triglyceride concentrations higher than 10 to 20 mmol/l are probably a risk factor for developing acute pancreatitis in humans. Aims-To therefore analyse the influence of hyperlipaemia on the course of acute oedematous and acute necrotising pancreatitis in rats. Subjects-Male Wistar rats were used in all experiments. Methods-Six different groups of animals were used: two groups without pancreatitis (controls), two with acute oedematous pancreatitis, and two with acute necrotising pancreatitis. One group from each pair was treated with Triton WR 1339, which induces endogenous hyperlipaemia. Blood samples were taken from all subjects to measure triglyceride, cholesterol, amylase, and lipase. Pancreatic tissue samples were taken and the degree of pancreatic damage was judged microscopically. Results-In the control groups no significant changes occurred, either in serum enzyme activities or in histology. The hyperlipaemic subgroup of animals with acute oedematous pancreatitis developed significantly higher (p<0.001) serum amylase activities and a greater degree of histological damage (p<0.01) than the animals of the non-hyperlipaemic acute oedematous pancreatitis group. In the animals with necrotising pancreatitis, serum lipase activity and the histological degree of pancreatic damage were significantly higher in the hyperlipaemic animals than in the non-hyperlipaemic
Acute pancreatitis is a disease with an incidence varying from 47 to 110 cases per million per year in Western countries.1-3 Usually it is characterised clinically by acute abdominal pain and increased pancreatic enzymes in blood or urine, or both. Clinically, two different courses can be distinguished: acute oedematous pancreatitis and acute necrotising pancreatitis. In general, patients with acute oedematous pancreatitis respond well to conservative treatment,4 5 having a low morbidity and mortality.
In contrast, 10-20% of the patients with acute pancreatitis develop intrapancreatic or extrapancreatic necrosis6 and life threatening systemic, metabolic, and organic complications. [7] [8] [9] The most common aetiological factors in acute pancreatitis are alcohol abuse (40%) and biliary tract stones (400/o). Other aetiologies, such as trauma, drugs or tumours, are rare and occur in about 20% of the cases.10
Hyperlipaemia is another aetiological factor and is often associated with relapsing periods of acute pancreatitis. A prevalence of hyperlipaemia in acute pancreatitis of between 4.5% and 47% has been reported in previous studies.' [1] [2] [3] [4] [5] [6] This wide range of hyperlipaemia in acute pancreatitis seems to result from the patient populations, because patients with alcoholic pancreatitis have hyperlipaemia more frequently than patients with biliary pancreatitis.11 [14] [15] Serum triglyceride values higher than 10 to 20 mmol/l seem to be a serious risk factor for developing acute pancreatitis. 14 15 Particularly in patients suffering from familial hyperlipoproteinaemia (types I, IV, and V according to the classification of Frederickson), acute pancreatitis occurs with an incidence of up to 21%.11 1219 In those cases, patients have increased serum concentrations of chylomicrons and triglycerides. In type V of familial hyperlipoproteinaemia there are also high concentrations of pre-p-lipoproteins of very low density (VLDL) containing high concentrations of triglycerides.17 18 Several studies in humans and animals have been performed to evaluate hyperlipaemia as a risk factor for developing acute pancreatitis. Those Acute oedematous pancreatitis was induced by infusion of 5 ,ug/kg body weight caerulein with a flow of 0-6 ml/h intravenously within three hours, as described in earlier studies. [32] [33] [34] [35] Acute haemorrhagic necrotising pancreatitis was induced by retrograde injection of 0K1 mV/0 1 kg body weight of 3% Na-taurocholate solution into the pancreatic duct with a pressure of 30 cm H20, as previously described by other authors. [36] [37] [38] For histopathological analysis, small pancreatic tissue samples were taken 90 and 180 minutes after inducing pancreatitis and immediately fixed in Bouin solution for 24 hours. Afterwards the tissue samples were stored in alcohol (500/o) and embedded in paraffin wax. The resulting 5 ,um sections were stained with haematoxylin and eosin reagent. To quantify the histological changes, two blinded independent pathologists judged the tissue samples using a point score as described by Spormann et al 39 (Table I) .
To explore the influence of hyperlipaemia on acute experimental pancreatitis we used six different groups of animals with 10 animals in each group (Table II) (Table III) . (Table III) . The cholesterol concentrations of the animals receiving only saline solution (group C(Sal)) remained unchanged throughout the investigation (Table III) .
Amylase
The serum amylase activities of the animals without pancreatitis decreased eight hours after the beginning of the investigation, both in the animals receiving only saline solution (group C(San)) and in the animals treated with
Triton WR 1339 (group C(Tri)) ( Table IV) .
The decrease was not significant (Table IV) .
Lipase
The serum lipase activities in the control groups (C) increased slightly in the last 90 minutes of the experiment, both in the hyperlipaemic animals (group C(Tri)) and in the nonhyperlipaemic animals (group C(Sal)) (Table   IV) . However, the difference between the two groups was not significant (Table IV) . (Figure) .
The hyperlipaemic animals also showed singular parenchymal necrosis, whereas no parenchymal necrosis was seen in group OP(Caer).
NECROTISING PANCREATITIS, GROUP (NP)
Beginning with the retrograde infusion of Nataurocholate into the pancreatic duct, extended areas of the pancreas turned red and developed a pronounced oedema. The gland lobules were pushed apart by severe swelling of the gland. In some areas haemorrhage occurred and the animals developed sanguineous ascites. (Table  III) . Infusion of Triton WR 1339 again led to endogenous hyperlipaemia in group NP(Tau+Tri); eight hours after Triton WR 1339 application, the serum triglyceride and cholesterol values increased 11 6-fold and 2-3-fold, respectively (Table III) . Induction of acute pancreatitis by itself did not lead to a change in serum triglyceride values.
Amylase
The serum amylase activities in the animals with necrotising pancreatitis were significantly increased after the induction of pancreatitis, but reached only half that of the animals with oedematous pancreatitis. Within 90 minutes of the induction of pancreatitis, the median amylase values rose from 1979 U/l (±0) to 4200 U/l (+90 min) in the NP(Tau+Tri) group.
Three hours after pancreatitis induction the amylase values decreased a little (Table  IV. In the NP(Tau) group the increase of the amylase values was slower than in the NP(Tau+Tri) group (Table IV) .
Lipase In the first eight hours of the experiment no changes in the lipase activities occurred in group NP(Tau) or group NP(Tau+Tri). After induction of acute necrotising pancreatitis, the increase of the lipase values was greater in the NPCTau+Tri) group than in the NP(Tau) group.
The difference between the hyperlipaemic (NP(Tau+Tri)) group and the non-hyperlipaemic (NP(Tau)) group was of less significance than the difference seen in group OP (Table  IV) .
Histology
Microscopically, all tissue samples taken from the animals suffering from necrotising pancreatitis showed oedema and a significantly (p<0-01) higher cumulative point score in the hyperlipaemic animals (NP(Tau+Tr)) (point score 107) than in the non-hyperlipaemic animals (NP(Tau)) (point score 67) 90 minutes after pancreatitis induction. Subsequently, 180 minutes after the induction of necrotising pancreatitis the point scores were 145 in the NP(Tau+Tri) group and 110 in the NP(Tau)
group. These differences were statistically significant (p<0*01 The rats without pancreatitis showed no clinical differences eight hours after Triton WR 1339 infusion compared with the animals with saline infusion. Macroscopically, the pancreases of the hyperlipaemic and the normal animals showed no differences. Microscopically, however, the animals treated with Triton WR 1339 showed smooth oedema, whereas no changes occurred in the non-hyperlipaemic animals. These morphological changes in the pancreases of rats with hyperlipaemia seem not to be caused by direct toxic effects of Triton WR 1339 administration. In our test series, rats were treated with rising volumes of Triton WR 1339 to determine the optimal dose of this drug needed to induce hyperlipaemia. Using twofold and fourfold higher doses of Triton WR 1339 in these experiments, we found mild oedema in four of 10 and three of 10 animals, respectively. The smooth pancreatic oedema in some of the rats treated with Triton WR 1339 could be the effect of the concentration of free fatty acids and decomposition products of fatty acids, which have cytotoxic effects. Saharia et al proposed that trypsinogen is activated in the acid milieu of the fatty acids and leads to autodigestion of the pancreas.25 Also, the detergent theory of Nagai et al, postulated in 1989, could explain these minor histological differences.40 Hyperlipaemia seems to make the pancreas more susceptible to additional changes.
In the animals with acute oedematous pan- It is well known that relapsing episodes of acute pancreatitis are occasionally associated with hyperlipaemia. 11-16 Particularly in patients suffering from familial hyperlipoproteinaemia (types I, IV, and V according to the classification of Frederickson), acute pancreatitis has an incidence of up to 21%.12 19 Those clinical findings have been confirmed in several studies of experimental pancreatitis.20-22 25 38 Our experimental data show that hyperlipaemia intensifies the course of both acute oedematous and acute necrotising pancreatitis in rats. These findings suggest that hyperlipaemia might also be an important risk factor in the course of acute pancreatitis in humans. Additional studies are needed to explore the clinical significance of these findings.
